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ABSTRACT 


An investigation ot the effects of variniis lrtt.e*al course widths 
and runway lengths for manual CAT I Microwave Landing System instrument 
approaches v;as carried out witn instrument rated pilots in a General Aviation 
simulator. Data are presented on the lateral dispersion at the tnuchdov/n 
zone, and the middle and outer markers, for doproaciies to 3, ODD, 0,000 
(and trial li^,000 foot) runv/ay lengths with full scale angular lateral 
course widtns of ^l.!?®, ^2.35®, and ^3.G3°. The distance from touchdown 
where tl'.e locali/er deviation went to full SfaU was also r^jcorricd. Pilot 
acceptance was measured according to the Looner-riarper rating system. 

I INTRODUCTIOM 


The lateral course width (or deflection sensitivity) of the new 
Microwave Landing System (MLS) cannot bo adjusted or monitored in the 
same manner as the present Instrument Landing System (ILS) localizer. 

Since the ILS is a fixed beam system its beam width can be adjusted on 
ttie ground to give the reuuVcd (Cat II) full scale deflection of 350 
feet to either side of the runway centerline at the threshold as shown 
in Fig. 1. This adjust ent is made at each ILS installation so that 

regardless of runwav length or localizer siting, the lateral deflection 
at the threshold is standardized. 

The MLS is not a fixed beam syster', but rather a narrow beam which 
is scanned over a wide horizontal angle (llO® to +40° depending on the 
configuration). Hence, the MLS lateral course wiH’th cannot be adjusted 
or verified in the sai:ie manner as the ILS. The present U. S. MLS signal 
format proposes to implement a standardized lateral course width in the 
following manner. The ground radiated azimuth (localizer) preamble 
would include three bits for the azimuth deviation scale factor. This 
data would be coded to transmit the anproi>riate azimuth antenna-to-runway 
threshold distance to the airborne MLS receiver for the particular MLS 
siting as shown in Table 1. 

It is proposed in Pet'erence 4 t.iat the airborne MLS receiver use 
this runway length data to alter the sensitivity of the lateral CDI deviation 
signal to produce the full scale deflections shown in the right hand column 
of Table 1. These course widths are a digitization of course widths used 
for CAT II localizer installations (reference 5). The purnose of this 
study was to determine the effect on General Aviation of different lateral 
course widths as a function of runv»ay length. This data should provide 
Insight to the need for and ttie suitaLility of the azimuth deviation scale 
factor quantization as shown in Table 1. 

II SIMULATION STUCY 

Simulation Uescription - The simulator chosen for this study was 
the Singer-Link GaT I -D flight sin^ulator shown in Figure 2. This simulator 
is fully described in Reference 5. It is a 3 axi s-of-niotion simulator 
witn full simulation of navigation aids. 
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The land'.ng dppi"03(.h w.is modeled as snov.n in figuns aid 4. The 
lateral course v;l.itis (as determined by full scale Ipflrrtion) evalu''ted 
were: +1.19°, +2. 35°, and 0.63°. The runv;ay lengths selected for test 
were: J,000 aniJ 8,000 feet. Some trial runs also included tlie 12,000 
foot runway; however, the bulk of the statistical data renortcd here is 
1 limited to 3,000 and 8,00^ foot runways. The wind conditions were: calm, 

15 knots left, and lb knots right. All runs were made with 1 ight-to-moderate 
turbulence included. 


The localizer and glide slone deviation were displayed on the Narco 
VOm- 9 indicator. Full scale localizer course width was adjusted to the 
end of either the blue or yellow scale arc and the arc length was approxi- 
mately 5/3 inches left or right of center. 

Pilot Selection - Twenty-nine pilots from all segments of the General 
Aviation community were invited to participate in this study; the only 
criteria being that each pilot was instrument rated and current according 
to FAA regulations. The occupations represented bv the participants are 
listed in Table 2. Table 3 shows the distribution of nilots versus hours 
of pi lot-i nconnand flight experience. 

Test Procedure - Prior to the test flights each pilot received a 
description of' the test objectives, the simulator, the task description, 
an approach plate (Figure 3), and a Cooner-Harper Handling Qualities Rating 
Description (Appendix A). At the time of the test each pilot was briefed 
orally about the task and about the simulator characteristics. The pilots 
were then familiarized with the simulator cockpit and allowed tc flv typical 
training '^an.euvers including some approaches. 

After familiarization eacli pilot flew a set of six runs for record. 

In each case the order of runs was drawn entirely at random. Crosswinds, 
when required, were also drawn at random. Fatigue and learning were thus 
distributed in a random manner over all the results. 


During the tests, the pilots were instructed to keen the localizer 
and glide slope displays centered, while maintaining proper airspeed. At the 
minimum descent altitude of 332 feet the pilot transferred from the glide 
slope to barometric altimeter and maintained this altitude while continuing 
to center the localizer as long as possible. They were also instructed 
to maintain an average approach sp^ed of 105 knots. 

To simulate the normal pilot workload, light to moderate turbulence 
was added to the flight conditions and approach control and tower communi- 
cations were simulateu. All elements of the landing guidance system were 
operative; localizer, glide slope, marker beacon, and ADF. 


Recorded Data - Analog traces of localizer deviation, crosstrack 
errors, airspeed, ana baroretric aiti'.eter were recorded using a pair 
of HP 7045A X-Y/Y plotters One pen \ias switched between glide slope 
and barometric altimeter i«^ the v'icmity of the mi Idle riarker; thus, in 
all five variables were rc-iw Jc j. Range was measured on the X axis from 
the localizer transmitter lnca+io. as shown in Figure I. Maximum recorded 
range was 7.b rimi . 
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Cooper-Harper ratings (l-H ratings) and pilot opinion were obtained 
after each run. The Cooper-Harner rating is a measure of pilot acceotance 
ranging between 1 for excellent and 10 for unacceptable. The scale with 
descriptive material is included in Appendix A. It should be noted, that 
this v;as the first time any of the participating pilots had used the C-H 
rating system and that this lack of familiarity could affect the results. 

Ill RESULTS 


Pilot Opinion - Figure 5 summarizes the C-H ratings for the various 
combinations of runway length, lateral course width and wind conditions 
which v/ere statistically studied. The conditions on the X-axis are arranged 
in order of increasing sensitivity. Notice that the C-H rating increases 
for both the very low sensitivity and very high sensitivity cases. It 
IS also interesting to note that current ILL conditions exemolified by 
the 8,000 foot runway and 2.33® course width emerged with the best Cooper- 
Harper rating. Ihis result indicates that exnerience may be a strong 
factor in influencing acceptability. 

The increase in Cooper-Harper rating at the low sensitiyities was 
due largely to a group of pilots with limited recent exnerience, that 
did not like it because course trends were slow to emerge and thus, these 
less practiced pilots were uncertain of themselves and their position 
and were led to take large heading changes just to cause something to 
happen in the localizer display. 

At the other extreme, where pilot compensation would have been expected 
to be high due to the high deflection sensitivity of the 3,000 foot/1.19® 
sensitivity runs, the average C-H ratings are only mildlv higher. This 
average was influenced downward by a group of keenly experienced pilots 
who found none of the runs particularly difficult, thus, giving all runs 
low C-H ratings. Tliis group liked the fast response of the localizer 
display due to the narrow course width. This group was typically composed 
of air taxi pilots, flight instructors, and ex-Army helicopter pilots. 

It was generally acknov/ledged that short final straight-in approaches 
with large angle turn-ins would probably be troublesome with the narrow 
1.19“ course width. This was observed to be true in the case of the 
simulator runs as there were numerous occasions where the pilot missed 
his turn-in from a 45® intercept when using the narrowest course width; 
particularly when the cross wind was at his back. 

Pilot comments were solicited after each run along with the C-H 
rating. The following conclusions can be drawn based on these comments: 

1. The narrovi (1.19®) course *./idth is unacceptable at the 
short (3,000 foot) runv/ay for a high percentage of the 
pilots due to the resultant high workload and overshoot 
during the 45® intercept of the localizer. 

2 , Increasing the course width from 1.19® to 2.35® for the 
3,000 foot runv/ay makes this combination acceptable. 



3. The combination of the 8,000 foot runv/ay anJ the nominal 
(if. 35®) course width was rated best by the oi'ots and this 
reflects the pilot traininq/f?xoerience with the present 
2.5®/8,000 foot nominal ILS. 

4. The 3.63° course width was objectionable to several 
pilots due to the slow or insensitive resnonse of the 
localizer display. 

Lateral Dispe r sion - Fiqure 6 shows the cross track ••'rors measured 
at the touchdown zone and middle and outer markers tor the 8,000 and 3,000 
foot runways. (See Appendix B for the detailed lateral dispersion tabular 
data.J The cross hatches represent the 2 deviations and the means are 
noted by the svmbols. Notice the funnel inq effect tyo cal of an angular 
guidance system. 

Table 4 is a summary of the maximum allov/able lateral deviation 
at the middle marker due to instrument saturation. A full scale GDI indi- 
cation at the middle marker requires the pilot to initiate a go around 
for a CAT I approach, hence the lateral dimensions of Tafe 4 can be used 
as a criteria to compare to the actual lateral 2 d? deviations given in 
Figure 6 and summarized in Table 5 to establish the acceptability of the 
various runv/ay length and course width combinations. Notice from the 
percentages of Table 5 that all of the combinations except the 3,000 foot 
runv/ay/1 .19° width with cross winds fall below the lateral deviation which 
could constitute a missed approach. Notice that the case which most resembles 
the present ILS (8,000 foot/2. 35°) is within 70‘ of the full scale deflection 
limit. Hence, all but the shortest runv/ay/ narrowest course width appear 
to be satisfactory on the basis of cross track deviations at the CAT I 
decision height (middle marker). 

Closest Approach - All simulator test runs were continued inside 
the middle marker with the instruction to continue tracking the localizer. 
Figure 7 shows the typical instability that is encountered close to the 
localizer transmitter. It was of interest to determine how far the approaches 
could continue before the sensitivity oecame so great that the display 
would saturate. The point at wh'ch this occurrs is referred to herein 
as the point of closest approach. 

Figure 8 shows the distance of closest approach for each of the 
run conditions. The distance shown is the mean plus 2 deviation for 
each case. Three individual flights were not included in the two 3,000 
toot runway/1. 19° data because the localizer went full scale three to 
four times between the outer marker and the touchdown zone, and in fact, 
constituted a missed approach for these throe flights prior to the middle 
marker. 

Considering the above and the fact that Fiqure 8 shows that the 
closest approach occurs for the run with the widest course width and the 
longest runv/ay, we see that the data trend is generally as expected. 

However, there are some unexplained comparisons for the 3,000 foot/runway 
2.35° case of Figure 3. One clear conclusion from this portion of the 
data is that the shortest runv/a //narrowest course width (3,000 foot/1. 19°) 



case is unaccoptoblf b.iSfj ^ o*i the tlirce is ffi <im)rc.u u «• out 5i flights 
dt these conditions. Lveii if inese tfirce (Jd.j pciius art? ignored, Figure 
8 shows that the closest airrnacn distance for the foot/1. IQ** case 

with crosswin.i is very dost to the middle markt?r distance of 7,867 feet. 
Herce making this .-ast unacceptoble. The closest anbroacn for dll tne 
other conditions is acceptable since it is v»ell inside the middle marker 
location. 

Discuss ion - Although statistical data was not accumulated for the 
12,00') ^'oot runv/ay case, tne trial runs did not show anv unusual problems. 

It is expected fnat the trends provided bv the statistical data plotted 
in Figures 5, 6 and 8 can be extrapolated to the 12,000 foot runv/ay case 

The cases with the largest course width and shortest runv;ay were 
not run statistically bectuse the medium course width vas completely 

acceptable. Statistical data was not obtained for tfie smallest course 
width for the 8, '<00 foot ■•um.ay because the test runs with these conditions 
were acceotable ind the- medic:, i 2.36" course width for this runwav length 
was acceptable. Also Table 5 shows that in going from 8,000 to 12,000 
foot runway lengths there is onlv a small percentane increase in the lateral 
distance at which full scale Iccah^er deflection is encountered at the 
middle marker. Hence- , the 5h'; increase in runway length does not result 
in a similar increase in acceptable lateral d'snersion. 

IV CONCLUSIONS 


The goal of this study was to determine full scale angular deviation 
for Dilot displav on conventional localizer deviation indicators used 
with the Microv^dve Landing System ('-‘LS). Of particular interest is the 
question of azimuth course widths for a short runwav. For tlie middle 
marker location theoretical system gain variations of 5:1 v/ere explored, 
taking into account runway lengths and course width changes. 

Results for the narrov/est course widtt. (^1.19®) applied to the 
short runv/ay indicate a high workload. This is evidenced by tne higher 
numerical C-H ratings, increased glide slo">e dispersion, by the several 
"missed aoproach" situatiotis that occurred, and the numerous "niissed turns 
on to course" for this case. On the average, localizer became too sensitive 
for continuing the approach prior to reachim the middle marker location 
if tne "wild points" were included in thi , data. 

Results for the j^2.JF® course width runs seem guile satisfactorv 
including the approaches to the foot runv/ays. There is some degradation 

of glide slooe dispersion between tne '',000 and 3,000 foot rumvay data. 

With this sensitivity (+2.35°) tne locali/er was useable down past the 
middle marker and appears satisfactory for General Aviation approach to 
typical minimuns. 

The +3.63° course width produced several minor adverse results. 
Disoersions are unnecessarily agnravate^' by this larorr course width angle. 
There are some adverse reaction to t,ie slow display trends with this course 
width. 
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Res 'ts of this stuJy tend to point to the* fact that course 

width is acceptable for runway lonqths in the ranqt* front 3, ^'10 to 8,000 
feat; and beyond to the maxinun lenfjtii riinwav anticipated if a minor increase 
in dispersion is acceptable. It, therefore, appears from these limited 
tests that it may not be necessary to vary the '110 aainiit'i course width 
as a function of runway lenqth for this class of ust» . 
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OCCUPATIONS OF SAMPLE PILOT GH.CUP 


Occupati on 

Businessman 

Engineer 

Flight Inspector 
Flight Instructor 
Student 
Airline Pilot 
Charter Pilot 
Military Officer 
Teacher 
Pol Iceman 

Air Traffic Controller 


No_._pf_ Pilot s 

C 

7 

2 

3 

1 

3 

3 

1 

1 

1 

2 

Total 29 


TABLE 2 


PILOT EXPERIENCE 


Mrs. Pllot-on-Comniand 

0 - 300 
300 - 600 
600 - 1200 
1200 - 2400 
2400 - up 


No, of Pilots 

7 

7 

4 

4 

7 

Total 29 


TABLE 3 



LATERAL COURSE WIDTH 



•r T-< (LiX:a’ TZER) DEFLECnO'* (LIMIT FOR Go-AROULT)) 
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